kg Ϫ1 , using short-season dormant or semidormant cultivars with reported annual DM yields of alfalfa that Lutz, 1973; Smith, 1975; Rominger et al., 1976; Fixen desirable and drawdown of K reserves may be beneficial in the short and Ludwick, 1983; Barbarick, 1985; Alva et al., 1986; term. The objective of this research was to evaluate the effects of Sheaffer et al., 1986; Burmester et al., 1991 
with the application 448 kg K ha Ϫ1 for a soil with extract-(Pr Ͼ F ϭ 0.0589). Total K removal in the herbage increased linearly able K of 55 mg K kg Ϫ1 (Rominger et al., 1976) . These with each rate of K and reached 1728 kg K ha Ϫ1 with the application studies show that in general, K application increased of 332 kg K ha Ϫ1 yr Ϫ1 , compared with 1546 kg K ha Ϫ1 without K plant and soil K concentrations.
fertilization. At the end of the experiment, soil ammonium acetate
Although a survey of soil fertility and forage manage- K is greater than 300 kg ha Ϫ1 (about 150 mg K kg Ϫ1 ) in that much of the K uptake was derived from the fertilizer and from the surface soil layer (Lanyon and Smith, 1985) , the nonexchangeable soil K fractions. Although K fertilization slightly sufficiency levels for adequate soil K are much less clear increased alfalfa DM yields in this high testing Mediterranean soil, the economic benefit of this limited response does not justify the expense. (Lanyon and Griffith, 1988) . In fact, results from Colorado (Barbarick, 1985) , on soils with high levels of exchangeable K (from 308 to 335 mg K kg Ϫ1 ) under irrigation, found that application of 375 kg ha Ϫ1 of K increased A lfalfa fertilizer applications have been changing 4-yr DM yields from 52.7 to 55.6 Mg ha Ϫ1 , showing that with production practices. They have been increasalfalfa yield responses to K applied to a soil high in K ing with more intensive cropping systems (Smith, 1975;  are possible. Lanyon and Griffith, 1988; Vough and Decker, 1992) In France, Ballif and Duthil (1976) obtained the highor decreasing and even withheld (Havlin et al., 1984;  est alfalfa DM yields with applications of 166 and 325 Jouany et al., 1996; Swoboda, 1998) . Higher responses to K were nance of high soil test levels may not be economically reported by Kafkafi et al. (1977) , in irrigated eastern desirable and drawdown of K reserves may be economiMediterranean conditions, where yields were raised cal in the short term (Havlin et al., 1984 . in alfalfa, which has a high K requirement, in order to
Although it is known that alfalfa can remove large maintain high yields in intensive production systems amounts of K in intensive production systems, there are (Lanyon and Smith, 1985) .
limited data on K fertilization from areas with high soil Research involving applications of K for alfalfa has K levels (Havlin et al., 1984) or long growing seasons been conducted mainly in the northeastern or midwestwith alfalfa dormancy ratings of 8 and 9 and crop yields ern regions of the USA on soils responsive to this nutriof 20 to 25 Mg ha Ϫ1 yr Ϫ1 under irrigation (Dovrat, 1993 ; ent with soil test K levels between 30 and 230 mg K Kafkafi et al., 1977; Lloveras et al., 1998 
MATERIALS AND METHODS
soil depths at the end of each growing season (prior to fertilizaThe experiments were conducted under irrigation during tion). In addition, at the final sampling on December 1997, four growing seasons (1994 to 1997) at the IRTA-University core soil samples also were taken from a 60-to 90-cm depth. of Lleida research fields at Palau de Anglesola (Ebro Valley, Soil samples collected prior to planting were air-dried but all Spain, 41Њ39Ј N, 0Њ51Ј E, altitude 180 m). The soil was an subsequent soil samples were analyzed as field moist samples. Oxyaquic Xerofluvent, representative of the Ebro Valley, with Thus K data for the first year prior to seeding and from a silty clay loam texture (397 g kg Ϫ1 clay). subsequent years unfortunately cannot be directly compared. Analysis of a composite sample (0-30 cm depth) collected from the experimental site revealed that pH (water) was 8.4, available P was 14 mg kg Ϫ1 (Olsen method), available K was
RESULTS AND DISCUSSION
317 mg kg Ϫ1 (NH 4 OAc method), organic matter was 14 g kg Ϫ1 ,
Forage Yields
and CaCO 3 equivalent was 310 g kg Ϫ1 . The exchangeable bases Ca, Mg, Na, and K were 33, 4.91, 0.25, and 0.89 cmol c kg Ϫ1
Although the main effect of K was not significant in respectively, whereas at 30 to 60 cm they were 33, 4.92, 0.27, any year or for the total 4-yr production, the total 4-yr which is a difference of about 2.8 Mg DM ha Ϫ1 in 4 yr
The treatments were seven K fertilizer rates broadcast on two adapted alfalfa cultivars, 'Aragó n' and 'P5929' (dormancy (0.70 Mg DM ha Ϫ1 per year). The lower yields observed ratings 8-9). The fertilizer treatments, applied as KCl, conin the fourth year of production are common in the sisted of five annual broadcast rates of 0, 41.5, 83, 166, and irrigated areas of the Ebro Valley, mainly due to stem 332 kg ha Ϫ1 of K and two other treatments of 166 and 332 kg nematode (Ditylenchus dipsaci) (Lloveras et al., 1994) . amount of K applied at once at seeding (166 and 332
The previous crop was wheat (Triticum aestivum L.). Plots were irrigated every 12 to 16 d from April to September, kg K ha Ϫ1 ). This result suggests that in medium textured receiving a total of about 900 mm of water per growing season.
soils, with the rates of K studied, all the fertilizer, at
The experimental design was a split-plot in space and time least up to 332 kg K ha Ϫ1 , could be applied at seeding (Steel and Torrie, 1980) with four replications. The K treatwithout any yield depression.
ments were the main plots and the alfalfa cultivars the sub-
The small yield increases obtained in this study (2.8
plots. The results were subjected to analysis of variance with the General Linear Model procedure of the Statistic Analysis 
tivars.
Alfalfa yield was determined by harvesting the whole plot. Six cuttings were harvested each year at the mid to full flow- The first harvest was about mid-April and the last at the end of October with a period of about 30 d between harvests kg ha Ϫ1 Mg ha Ϫ1 (Lloveras et al., 1998 2,4(1H,3H )-dione] in January. The alleys between blocks were maintained weed free by rotary tilling.
Main K treatment effect NS † NS NS NS NS NS NS Linear (Treatments 1 to 5) NS NS NS NS * NS NS
A 500-g wet sample of herbage was collected from each plot at each harvest for moisture determination and subsequent * Significant at the 0.05 probability level.
† Nonsignificant.
chemical analysis. Samples were dried at 70ЊC and DM yields Mg DM ha Ϫ1 in 4 yr) are similar to the responses reexchangeable K, found that the K concentration of the ported by others on soils high in K (Jones et al., 1974;  tissue increased from 8.9 to 20.5 g kg Ϫ1 when K fertiliza- Havlin et al., 1984; Barbarick, 1985) . The yield increases tion rates increased from 0 to 448 kg K ha
Ϫ1
. in our study were lower than the increases reported by
In this study, herbage K concentration differences Kafkafi et al. (1977) in Mediterranean conditions. They between treatments varied little with the age of the increased DM yields from 15.2 Mg ha Ϫ1 with 0 K fertilstand, probably because the differences in soil test levels ization to 20.9 Mg ha Ϫ1 with 498 kg K ha Ϫ1 in a soil with between K treatments also were small (Table 3 ). The an initial K content of about 180 mg K kg Ϫ1 . total amount of K removed with the herbage increased These results suggest that in high yielding conditions linearly with applied K (Table 4) . Removal of K reached alfalfa yield increases with K fertilization are very lim-1728 kg ha Ϫ1 with the application of 332 kg K ha Ϫ1 yr Ϫ1 , ited in soils with high exchangeable K levels. compared with 1546 kg K ha Ϫ1 for the 0 K fertilization treatment.
Herbage Mineral Concentrations
Average P and Ca concentrations in the herbage were not significantly affected by increasing K rates (Table  The average 4-yr K concentration in the herbage and 2). A linear decrease in Mg concentrations, however, average annual concentrations in three of four growing was seen with K fertilization rates, as has been reported seasons increased linearly with increasing K fertilization in other studies (Smith, 1975; Rominger et al., 1976 ; rates (Table 2 ). The small increase in K concentration, James et al., 1995) . The observed P, Ca, and Mg concenfrom 18.1 to 19.7 g kg Ϫ1 with increasing K fertilization tration values were similar to those of other studies rates, is quite similar to the results reported Barbarick conducted in the Ebro Valley and in the USA (Heras (1985) and Havlin et al. (1984) in soils high in K.
and Montañ es, 1974; Smith, 1975; Sheaffer et al., 1986 ; On soils responsive to K fertilization, the tissue conJames et al., 1995). centration of K presented a much higher increase.
The K treatments did not affect the N concentration Sheaffer et al. (1986) , in a soil with 35 mg K kg Ϫ1 , found of the herbage, which suggests that the supply of K was that K tissue contents increased from 11.4 to 25.3 g kg Ϫ1 already adequate for maximum N 2 fixation (Collins et when K fertilization rates increased from 0 to 334 kg K ha Ϫ1 . Smith (1975) , in a soil with about 128 mg kg Ϫ1 of al., 1986). intensive Mediterranean production systems. However, the economical benefit of this limited response to K by ** Significant at the 0.01 probability level. † Nonsignificant.
alfalfa does not justify the cost of fertilization. The results also showed that rates of K usually considered high were not sufficient to offset the K removed by the alfalfa. 
Soil Extractable Potassium

